(beginning of the proxy data) are reconstructed using the all-sky model with the historical data of the column ozone from the satellite measurements (SBUV merged ozone data set), the snow depth (for ground albedo estimation), and the observed daily sunshine duration at the site. Trend analyses of the monthly and yearly time series comprising of the reconstructed and observed doses reveal statistically significant trend only in March (~1%/yr) in the period 1983-2016. The trends based on the observed data only (1996-2001 and 2005-2016) show declining tendencies during spring (March-April-May) of ~1%/yr. An analysis of sources of the yearly dose variability since 1983 provides that cloud cover changes are a basic driver of the longterm UV changes at the location.
trend and the increase of the surface UV in the Arctic was observed in 1990s (Fioletov et al., 1997; Newmann et al., 1997; Gurney, 1998) .
The amount of column ozone and its vertical distribution have been measured using a ground-based and satellite network.
Nowadays, the ozone distribution over the whole globe is available for scientific purposes. The surface UV radiation in the UV-B range also depends on the Sun's elevation, cloud/aerosol characteristics, and the surface albedo, which are widely variable from site to site. There are a limited number of ground-based stations measuring erythemaly effective doses continuously for longer than 20 years. These include only 5 northernmost stations above 70± N: Alert (82.5± N, 62.31± E), 11 .92± E), Hornsund (77.0± N, 15 .33± E), Resolute (74.72± N, 94.98± W, and Barrow (71.32± N, 156 .68± W). The algorithm to calculate the surface UV using the satellite data (total ozone, ground-reflectivity) over highlatitude regions sometimes failed due to the fact that the observed high reflectivity surfaces might be erroneously classified as high ground-albedo (from snow and ice cover) or cloud effect (Tanskanen et al. 2007) . It is crucial to examine the UV variability over the Arctic regions, especially for high latitudinal coastal sites, because of rich and diverse ecosystems located in this area (Hessen et al, 2001) . It is anticipated that anthropogenic climate effects will be the most pronounced in high latitudinal regions (Taalas et al., 2000; IPCC 2014) .
Maintaining homogeneity of long-term UV time series (20+yr) taken from various instruments is a challenging task especially for remote sites. In this paper, we propose a method for the UV data homogenization applicable for any remote Arctic site like the Polish Polar Station Hornsund (Section 2 and 3). Next, we reconstruct the UV doses dating back to 1983 when the observations of proxies for the UV variability started at Hornsund (Section 4). Finally, we search for linear trends in monthly and yearly doses (Section 5) separately for the periods comprising both the reconstructed and observed data and for the observed data only (1996-2016 with the 2002-2004 gap) .
UV and ancillary data
The erythemal UV measurements at Hornsund were carried out since 1996 up to 2001 by an improved version (with temperature stabilization) of the classic Robertson-Berger UV meter. This was a prototype of the presently widely used broadband Solar Light Model 500 (denoted SL 500) radiometer produced by Solar Light Co. RB meter was designed in the early 1970s to measure erythemal solar irradiation as its spectral characteristics resembled that of the human skin (McKinlay and Diffey, 1987) . The prototype was designed in the Institute of Geophysics (IG), Polish Academy of Sciences (PAS), Belsk, in the late 1980s and since then took part in the UV monitoring at the Central Geophysical Laboratory, IG PAS, Belsk, Poland. It was moved to the Hornsund observatory in 1995 and put into regular UV monitoring in 1996 (Krzyścin and Sobolewski, 2001) (Sobolewski and Krzyścin, 2006) . There were logistical difficulties with the calibration of the Hornsund meter by a higher-level standard (e.g. the Brewer spectrophotometer) as the station could by reached only by snowmobiles (in spring), helicopters or ships (in summer). Thus, we decided to apply radiative transfer (RT) model simulations for clear-sky conditions to calibrate the output of the biometer during cloudless days and perform a homogenization of the past UV data.
The following ancillary data routinely measured at Hornsund is used in the model simulations: snow depth, cloud fractions by low-, mid-, and high-level clouds, aerosols characteristics (aerosols optical depth, single scattering albedo from the Cimel Sunphotometer observations since 2004), and sunshine duration (by a Campbell-Stokes recorder).
Data Homogenization
Clear-sky conditions over the Hornsund observatory were identified by the examination of the 1-minute erythemal irradiation daily pattern. The smoothness of the pattern and the steady increase (before local noon) and decrease (after local noon) of the irradiances provided a criterion for cloudless day. The Tropospheric Ultraviolet-Visible (TUV) RT model by Madronich (1993) is implemented to calculate hypothetical clear-sky daily dose for the selected cloudless days. The TUV input consists of the column ozone amount (taken from the site overpasses by the Solar Backscatter Ultraviolet (SBUV) instrument onboard the NOAA satellites, aerosols characteristics from the AERONET database (aerosol optical depth, single scattering albedo of aerosols, and asymmetry factor). The ground albedo in UV range is approximated by a local formula:
where Depth SNOW is the measured snow depth in cm, for Depth SNOW >32 cm. Albedo GROUND = 0.9. Equation (1) was found experimentally, to have the best agreement with the measured daily doses in the period when the UV data at Hornsund were calibrated by the IG PAS substandard (2006) (2007) .
For each year (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) ratios between the modeled and observed daily doses were averaged to provide the annual correction factor, which is consequently applied to the measured all-sky daily doses. The annual correction factor (ACF) was calculated separately for selected ranges of the noon solar zenith angle (SZA); SZA≤60°, 60°<SZA≤70°, 70°<SZA≤80°, and 
Data Reconstruction
Reconstruction of the erythemal daily doses is based on a regression model using proxies for the cloud attenuations i. A semi-empirical model is built to reproduce the measured daily doses (erythemal Jm -2 ) for the period 2006-2007-2008 .
where Dose CLEAR-SKY (t) is a hypothetical clear-sky daily dose in day t from the radiative transfer model simulations (TUV) with the following input:
-the daily total ozone (TO 3 ) from the station satellite overpasses (SBUV merged data set)
-the snow albedo according formula (1) CMF is an empirical cloud modification factor (CMF) used to parameterize an attenuation of hypothetical clear-sky daily doses by clouds. Various combinations of regressors (explaining variables) were examined using standard multi-linear regression to reproduce observed erythemal doses. These included the cloud cover (by total, low-, mid-, and high-level clouds), cloud types identified by an observer (every 3 h), and the measured daily relative sunshine duration (the sunshine duration divided by the pertaining day length). The time series of these regressors were available since 1983. Finally, the relative sunshine duration, SUN_DUR(t), was selected as the best regressor and the following formula was obtained:
Model ( The regression coefficient of models (2) Comparisons of the modeled data to the observed ones taken in different periods will provide a kind of the model's verification and will support a correctness of the calibration constants applied to total UV data (Section 3). Figure   3b and Figure 3c show the comparisons for the period 2009-2010-2011 and 1996-1997-1998 , respectively. The modelobservation correlation coefficients are high (~0.95) and the smoothed patterns of scattered data points match the 1-1 line (perfect agreement line) throughout the whole range of the data variability.
The model-observation agreement appears even better for the monthly averages of daily erythemal doses (Fig.3d) : 1996-1997-1998, 2005-2006-2007, and 2009-2010-2011 
Results
The monthly mean erythemal doses from the UV observations (1996-2001, and 2005-2016) and reconstructed by the model deviations from the long-term (1996-2016) monthly means, <DOSE(t)>, in percent of the long-term means:
There are large year-to-year fluctuations in the monthly fractional deviations in the range between -40% and 40%. The smoothed data patterns show: an increasing tendency throughout the whole period in March and April, the trendless behavior in July and September, the increase/decrease in May and June with the turning point around 1996, the decrease/increase in August with the turning point around 1998. Yearly sums of the erythemal daily doses show increasing tendency of about 1%
per year up to ~1996 and afterward a leveling off. 
The Model (5) Previous studies showed that the sunshine duration was a worse proxy for a parameterization of the cloud attenuation when compared to the total solar (300-3000nm) radiation. It does not reflect basic cloud characteristics such as cloud fractions and the cloud optical thickness (Koepke et al., 2006) . The total solar radiation was measured at Hornsund in some disjoined periods since 1983 but the data was not calibrated by a higher-ranking instrument. Thus, we decided to use only sunshine duration data to parameterize the cloud effects since 1983 at Hornsund. Sunshine duration measurements by a CampbellStokes instrument seem to be less influenced by the instrument sensitivity lost and its calibration is very simple as during cloudless conditions the sunburn track should appear throughout the whole day.
Discussion and Conclusions
A procedure for the examination of the UV data homogeneity is proposed based on RT simulations for clear-sky conditions.
It allows introducing the yearly calibration coefficient showing the instrument sensitivity lost (1996) (1997) (1998) (1999) (2000) (2001) and stable behavior in the period of measurements by the Kipp and Zonen UVS-AE-T biometer (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . For all-sky conditions, the regression model is built using 3-year data (2005-2006-2007) and comparisons of the modeled data with earlier (1996-1997-1998 ) and later (2009-2010-2011) The ozone effect on the surface UV appeared as a secondary source of the UV variability causing the long-term oscillations in the range of ±1% in the period 1983-2016. Such total ozone pattern is not unique in the Arctic. Figure 6 shows the longterm (1979-2016) pattern of the total ozone mean (using SBUV merged data) for the period May-August at Belsk, Barrow, and Resolute, i.e. in the period of the year with naturally high UV radiation. The ozone forcing on the surface UV at these sites is weak since the beginning of the 1990s.
Cloud effects are the basic source of the UV variability at Hornsund. Here the relative sunshine duration was used as the proxy explaining the cloud effects. It allows to identify, for example, a decrease in cloudiness in the period 1983-2000 but the corresponding increase in the total yearly doses seems to be larger than that inferred from the proxy pattern. Evidently, the cloud optical thickness should be also responsible for the yearly UV variability.
It seems that the excessive UV radiation will be unlikely over the Arctic during the 21 st century as prolonged decrease of ozone will not be possible due to the declining tendency in the concentration of the ozone-depleting chemicals in the stratosphere, anticipated intensification of the Brewer-Dobson circulation loading higher amount of ozone into the Arctic stratosphere (WMO, 2014) . The downward UV tendency in the Arctic will by also induced by the increase in the cloudiness, and the lowering of the ground albedo due to the snow and sea-ice melting (e.g. Bais et al., 2015) .
A continuation of UV measurements at Hornsund seems to be necessary as it is located in a region vulnerable to climate changes with the local climate strongly dependent on the heat arriving with the Gulf Stream. A projection of the weakening of the Atlantic Meridional Overturning Circulation (Boulton et al., 2014) will lead to the surface cooling at the location. It can not be excluded that high reflectivity areas (sea-ice and snow) will extend over west Svalbard and the present climatic contrast between west (warm) and east (cold) part of Svalbard will disappear. Any projection for erythemal irradiance by the end of the 21 st century is the most uncertain for this part of the Arctic. 
